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METHOD FOR DETECTING UPSTREAM 
CONGESTION IN AN ATM COMMUTATOR 

WITH A SWITCHING SYSTEM 
ARCHITECTURE AND INPUT 

MEMORIZATION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a process for detecting 

upstream congestion Within a distributed-architecture sWitch 
such as those used in packet-sWitched data transmission 
networks, knoWn by the abbreviation ATM standing for 
“asynchronous transfer mode”. 

2. Discussion of the Background 
It applies in particular to the implementation Within ATM 

netWorks of the category of service knoWn by the abbrevia 
tion ABR standing for “available bit rate”. This service 
alloWs a user to use the passband available over the path of 
a previously established connection Without obliging him/ 
her to make a static reservation of resources When estab 
lishing the connection. In return for this ?exibility, the tWo 
ends of the connection must adapt their bit rate to the 
passband available. For this purpose, particular ATM cells, 
knoWn as RM cells, Where RM stands for “resource 
management”, make it possible to inform the ends of a 
connection about the availability of the resources in the 
netWork. These cells, generated and processed in real time 
by the end equipment and also by the ATM sWitches, 
comprise ?elds intended to convey bit rate information, and 
in particular the ER bit rate recommended to the source by 
the netWork, ER being the abbreviation for “explicit cell 
rate”. 

SWitches Which have this capabiity calculate the ER bit 
rate and Write it to the RM cells. The various knoWn 
algorithms for calculating the ER bit rate make it possible to 
share out the resources of a given output port among the 
various connections Which pass through this port. These 
algorithms generally operate differently depending on 
Whether the sWitch is in a state of congestion or not, that is 
to say Whether the stream of cells bound for a relevant port 
is larger than the output bit rate permitted on this port or not. 

Congestion is in principle excluded for categories of 
services Which require a static reservation of the resources 
Which they use. Moreover, the ATM cells corresponding to 
these categories of services are generally sWitched 
straightaWay, Without Waiting. This is not the case for 
services Which do not necessitate any reservation of 
resources, such as ABR, hence buffer memories are gener 
ally provided so as to absorb the excess cell rate, by Waiting 
for the sources to reduce their rate in response to the netWork 
indications conveyed in the RM cells. 

Under these conditions, the momentary congestion of an 
ouput port of a sWitch is manifested mechanically as an 
accumulation of cells bound for this port in the buffer 
memories. In the case of a distributed-architecture sWitch 
composed of several input junctions coupled together by a 
cross-connector, a momentary congestion of an output port 
is manifested as an accumulation in the input junctions of the 
cells bound for this port. This is referred to as upstream 
congestion. This distributing Within the input junctions of 
the cells bound for a speci?ed output port makes it dif?cult 
to aggregate the various partial items of information relating 
to the cells Waiting in each junction, so as to alloW book 
keeping operations on them. 

SUMMARY OF THE INVENTION 

The purpose of the invention is to solve this problem by 
de?ning the information to be managed in each input 
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2 
junction and by de?ning a means for integrating the partial 
items of information. 

To this end, the subject of the invention is a process for 
detecting upstream congestion Within a distributed 
architecture ATM sWitch composed of several input and 
output junctions for transmission in an ATM cell netWork, 
including counting in each input junction the number of 
incoming cells and outgoing cells bound for a speci?ed 
output port of a junction, transferring the results of the 
counts supplied by the input junctions to the output port, 
aggregating the results of the counts in the output junction, 
and declaring a congestion in the output port if the aggregate 
number of cells is greater than a speci?ed threshold value. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other characteristics and advantages of the invention Will 
emerge in the description Which folloWs given With regard 
to the appended draWings Which represent: 

FIG. 1, a simpli?ed representation of an ATM sWitch used 
to implement the invention. 

FIGS. 2 to 6, illustrative implementations of the process 
according to the invention in the form of How charts. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The distributed-architecture sWitch With storage at input 
Which is represented in FIG. 1 is composed of several 
identical modules or junctions 1 interfacing With one or 
more high bit rate communication highWays 2, of the optical 
?bre or tWisted cable pair type for example, each of these 
interfaces being referred to hereafter as a port. The junctions 
are linked together by a very high bit rate sWitching device 
or cross-connector 3 structured for example in the manner 
described in Patent Application FR 2 681 164 ?led in the 
name of the Applicant. Each junction possesses suf?cient 
processing capabilities to analyZe the incoming ATM cells, 
despatch them directly to the ad hoc junction if the latter can 
process them, or alternatively store them Whilst Waiting for 
it to be able to process them. In What folloWs, the terminol 
ogy “input junction” and output junction is used to specify 
that a cell entering a sWitch encounters ?rstly an input 
junction and is then returned to the netWork by an output 
junction. This does not imply a classi?cation of the 
junctions, every junction is an input junction for certain cells 
and an output junction for others. With this type of 
architecture, a momentary congestion of an output port is 
manifested as the accumulation in the input junctions of the 
cells bound for this port. This congestion is detected at each 
output port by executing a process Which runs according to 
the steps referenced from 4 to 7 in the How chart of FIG. 2. 
According to this process the ?rst step Which is referenced 
4 in FIG. 2, counts in each input junction the number of cells 
bound for one and the same output port. Identi?cation of the 
output port takes place for example in the manner described 
in Patent Application FR 2 681 164 by reading from the 
header of each ATM cell shoWing up at the input of a 
junction, its cluster number VP1 and its channel number Vcl. 
Counting takes place by incrementing and decrementing a 
counter dedicated to the relevant output port each time a cell 
bound for this output port enters the input junction or leaves 
it. Another counting variant can also count in each junction 
each cell per connection. This second variant seems better 
suited to the cases of point-to-multipoint connections since 
it can be more dif?cult in the input junction to update in 
parallel all the counters per port Which are relevant to such 
a connection. 
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The second step referenced 5 in FIG. 2 centraliZes the 
information collected in the counters of the various junctions 
in the corresponding output junction 2. The transfer takes 
place by generating speci?c ATM cells in each relevant input 
junction, or by using RM cells, certain ?elds of Which are 
reserved for the sWitch. The transfers can be performed in 
various Ways. They can for example be strictly periodic, or 
take place only When the information varies signi?cantly, or 
else With a periodicity equal to that of the RM cells When the 
latter serve as a vehicle for the information. 

The purpose of the next step, referenced 6 in FIG. 2, is to 
aggregate the information transmitted at the previous step in 
the output junctions 2 so as to compute a measurement of the 
cell congestion of the input junctions. The result of this 
measurement can be strictly equal to the number of cells 
Waiting if the synchroniZation of the information collected is 
perfect. HoWever, it is sufficient to limit the measurement to 
a simple sum of the information collected, if the mechanisms 
for updating the information are sufficiently frequent and 
effective. 

The measurement can also consist of a simple calculation 
of a mean performed With regard to the information col 
lected by a calculation of an exponential mean for example 
such as recalled in Appendix 1. 

Finally, during the last step referenced 7 in FIG. 2, the 
measurement obtained in the step referenced 6 is utiliZed to 
decide Whether or not each relevant output port is subject to 
a How of cells Whose bit rate is greater than What is permitted 
to it by its physical characteristics. This can be achieved by 
marrying a dynamic criterion, such as a signi?cant increase 
in the congestion measurement for example, With a static 
criterion such as, for example, the fact that the measurement 
exceeds a threshold, so as to proclaim that an output port is 
congested if one of these tWo criteria is satis?ed. 

Three variant implementations of the just-described pro 
cess according to the invention are represented in FIGS. 3 to 
5 in Which the steps akin to those of FIG. 2 are represented 
With the same references. 

A ?rst variant represented in FIG. 3 uses one counter per 
output port in each input junction for the execution of the 
step referenced 4, assuming that each junction 1 comprises 
just a single output port, and uses RM cells as vehicles in 
step 5 for the transfer of information to the output junctions. 
In this transfer, the value of the counter of cells bound for the 
output port of each RM cell is Written by the input junction 
to this cell together With its oWn identi?er. In the, step 
referenced 6, the output junction maintains a measurement 
Which is the sum of the information received from each 
junction, making each junction contribute through the most 
recent item of information Which it has sent to it in the 
manner represented in FIG. 4, through the updating in the 
output junction of a table 8 for storing the information items 
received and Which possesses as many inputs as there are 
input junctions in the sWitch. Each input denoted J1 to J” in 
FIG. 4 addresses a counting Zone Which stores the state of 
a corresponding counter in an input junction and Which is 
updated each time that, in the step labelled 5, a transfer of 
the contents of the counter of the corresponding junction is 
received in the output junction. Under these conditions, each 
neW contribution of an input junction counter is obtained by 
subtracting in a calculating device 9, the value of its old 
count stored in the table 8 from the value of its neW count 
and this contribution is added in the calculating device 9 to 
the contents of an accumulator register 10 Which accumu 
lates With its contents each neW contribution received from 
an input junction. The updating of the table 8 is performed 
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4 
upon the arrival of each neW count by Way of a register 11. 
Moreover, a defense mechanism (not represented) Warns 
each junction of the bringing into service and taking out of 
service of any one of the other junctions, so that these can 
manage the table 8 and the congestion measurement appro 
priately. The detection of congestion of the step referenced 
7 is performed by marrying a dynamic criterion With a static 
criterion pertaining to the above-described congestion mea 
surement. A microprogram Written in the C language and 
Which makes it possible to execute the steps referenced 6 
and 7 is detailed in Appendix 2. 

In the second variant represented in FIG. 5, the step 
referenced 4 implements counters per connection in each 
input port. 
The transfer of the information item contained in a 

counter bound for an output port takes place in the step 
referenced 5 by using an RM cell as vehicle. The corre 
sponding input junction Writes the value of the counter of 
cells Waiting for the relevant connection to each RM cell. 
The steps referenced 6 and 7 are similar to those of the ?rst 
variant With the difference hoWever of the addressing of the 
counting Zones of the table 8 Which is performed for each 
connection. A defense mechanism (not represented) Warns 
each junction of the establishing and of the freeing of the 
connections passing therethrough, so that the junction can 
manage the table 8 and the measurement of congestion 
appropriately. A corresponding microprogram Written in the 
C language is detailed in Appendix 3. 

Finally, according to a third variant Which is represented 
in FIG. 6, the process of FIG. 5 can be modi?ed in its third 
step referenced 6 by performing the measurement of con 
gestion on each output port of an output junction, by 
calculating the exponential mean of the counting informa 
tion received for each connection passing through the rel 
evant output port. According to the very principle of the 
exponential mean detailed in Appendix 1, the in?uence of a 
contribution at a given instant on the sum dWindles progres 
sively. In this case, no particular defense mechanism needs 
to be provided, since a connection Which disappears rapidly 
loses all in?uence on the measurement oWing to the fact that 
it does not contribute thereto. Also, transporting the counting 
information in the RM cells has the advantage of giving 
more Weight to the high bit rate connections since these send 
RM cells more frequently. A corresponding microprogram 
Written in the C language for the execution of this third step 
is described in Appendix 4. 

APPENDIX 1 

The “exponential mean” is nothing other than the result of 
a discrete-time ?rst-order linear ?ltering. If un denotes the 
string of input values and xn the string of states of the ?lter, 
the state equation of the ?lter can be Written: 

x,,+1=a.x,,+(1—a).u,, [1] 

Where a is a parameter less than 1, close to 1, Which de?nes 
the horiZon of the ?lter. The string xn thus represents a sort 
of more or less long-term instantaneous mean of the inputs. 

In the application envisaged, the input values un represent 
numbers of cells. To avoid ?oating-point calculations and 
multiplications, the notable value 7/s Will be used for a and 
the values un=4*un Will be averaged so as to retain suf?cient 
accuracy despite the truncation. The measurement of con 
gestion is therefore given by: 
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APPENDIX 2 
Persistent Variables 

IiWOI‘di32 total, olditotal 
IiWOI‘di16 oldicounter [<number of junctors in the 

sWitch>] 
tiboolean stateicongestion 

Initialization Processing 
stateicongestion=false 
for in oldicounter) oldicounter? ]=0 10 
total=olditotal=0 

FRM Cell Processing 
# retrieval and aggregation of information 
total=total+cell.payload.counter-oldfcounter 15 

[cell.payload.origin]oldicounter[cell.payload.origin]= 
cell.payload.counter # calculation of the congestion 
state 

stateicongestion=(total>olditotal)||(total>50) oldi 
total=total 20 

APPENDIX 3 
Persistent Variables 

IiWOI‘di32 total 

IiWOI‘di16 oldicounter[<number of connections>] 
InitialiZation Processing 

for in oldicounter) oldicounter? ]=0 
total=0 

FRM Cell Processing 
# retrieval and aggregation of information 

25 

total=total+cell.payload.counter-oldicounter[cell.vpii 
vci] 

oldicounter[cell.vpiivci]=cell.payload.counter 

APPENDIX 4 35 

Persistent Variables 

IiWOI‘di32 total 
InitialiZation Processing 

total=0 
FRM Cell Processing 
# retrieval and aggregation of information total= 

(total<<3—total+cell.payload.counter<<2)>>3 
What is claimed is: 
1. Process for detecting upstream congestion Within a 

distributed-architecture ATM sWitch composed of several 
input and output junctions for transmission in an ATM cell 
network, comprising counting in each input junction the 
number of incoming cells bound for a same speci?ed output 
port of a junction, transferring the results of the counts 
supplied by the input junctions to the outport port, aggre 
gating the results of the counts in the output junction, and 
declaring a congestion in the output port if the aggregate 
number of cells is greater than a speci?ed threshold value. 

2. Process according to claim 1, Wherein the transfer of 55 
the count results is performed using speci?c ATM cells. 

3. Process according to claim 1, Wherein the transfer of 
the count results is performed using RM cells. 

4. Process according to claim 1, comprising, in respect of 
aggregating the count results, storing the count results in a 
table of the output junction, subtracting from the neW count 
result supplied by an input junction the previous count result 
Which is stored in the table of the output junction, and 
accumulating in an accumulator the results of the subtrac 
tions obtained. 

5. Process according to claim 1, comprising, in respect of 
determining a congestion on an output port, calculating the 
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6 
exponential mean of the count results received for each 
connection passing through the output port. 

6. Process according to claim 2, comprising, in respect of 
aggregating the count results, storing the count results in a 
table of the output junction subtracting from the neW count 
result supplied by an input junction the previous count result 
Which is stored in the table of the output junction and 
accumulating in an accumulator the results of the subtrac 
tions obtained. 

7. Process according to claim 3, comprising, in respect of 
aggregating the count results, storing the count results in a 
table of the output junction subtracting from the neW count 
result supplied by an input junction the previous count result 
Which is stored in the table of the output junction and 
accumulating in an accumulator the results of the subtrac 
tions obtained. 

8. Process according to claim 2, comprising, in respect of 
determining a congestion on an output port, calculating the 
exponential mean of the count results received for each 
connection passing through the output port. 

9. Process according to claim 3, comprising, in respect of 
determining a congestion on an output port, calculating the 
exponential mean of the count results received for each 
connection passing through the output port. 

10. A process for detecting upstream congestion Within a 
distributed-architecture ATM sWitch including a plurality of 
input and output junctions for transmission in an ATM cell 
netWork, comprising the steps of: 

counting in each input junction a number of incoming 
cells bound for a same speci?ed output port of an 
output junction; 

transferring results of the counting step supplied by the 
input junctions to the output junctions; and 

declaring a congestion of the speci?ed output port in the 
output junction by comparing the results of the count 
ing by the input junctions to a speci?ed threshold value. 

11. Aprocess according to claim 10, Wherein the step of 
declaring a congestion comprises a step for aggregating 
results of the counting in the output junction and comparing 
the aggregating results to said speci?ed threshold value. 

12. Aprocess according to claim 10, Wherein the step of 
transferring the results comprises inserting in a cell results of 
the counting. 

13. Aprocess according to claim 12, Wherein the step of 
transferring the results comprises using speci?c ATM cells. 

14. Aprocess according to claim 12, Wherein the step of 
transferring the results comprises using RM cells. 

15. Aprocess according to claim 10, Wherein the step of 
declaring a congestion comprises the steps of aggregating 
results of the counting by storing count results in a table of 
the output junction, subtracting from a neW count result 
supplied by an input junction a previous count result stored 
in the table of the output junction, and accumulating in an 
accumulator results of the subtractions obtained. 

16. Aprocess according to claim 11, Wherein the step of 
aggregating results comprises the step of storing count 
results in a table of the output junction, subtracting from a 
neW count result supplied by an input junction a previous 
count result stored in the table of the output junction, and 
accumulating in an accumulator results of the subtractions 
obtained. 

17. Aprocess according to claim 12, Wherein the step of 
declaring a congestion comprises the steps of aggregating 
results of the counting by storing count results in a table of 
the output junction, subtracting from a neW count result 
supplied by an input junction a previous count result stored 
in the table of the output junction, and accumulating in an 
accumulator results of the subtractions obtained. 
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18. Aprocess according to claim 13, wherein the step of 
declaring a congestion comprises the steps of aggregating 
results of the counting by storing count results in a table of 
the output junction, subtracting from a neW count result 
supplied by an input junction a previous count result stored 
in the table of the output junction, and accumulating in an 
accumulator results of the subtractions obtained. 

19. Aprocess according to claim 14, Wherein the step of 
declaring a congestion comprises the steps of aggregating 
results of the counting by storing count results in a table of 
the output junction, subtracting from a neW count result 
supplied by an input junction a previous count result stored 
in the table of the output junction, and accumulating in an 
accumulator results of the subtractions obtained. 

20. A process according to claim 11, Wherein the step of 
declaring a congestion calculates an exponential mean of the 
count results received for each connection passing through 
the output port. 

21. Aprocess according to claim 12, Wherein the step of 
declaring a congestion calculates an exponential mean of the 
count results received for each connection passing through 
the output port. 

22. Aprocess according to claim 13, Wherein the step of 
declaring a congestion calculates an exponential mean of the 
count results received for each connection passing through 
the output port. 

23. Aprocess according to claim 14, Wherein the step of 
declaring a congestion calculates an exponential mean of the 
count results received for each connection passing through 
the output port. 

24. A device for detecting upstrearn congestion Within a 
distributed-architecture ATM sWitch including a plurality of 
input and output junctions for transmission in an ATM cell 
network, comprising: 

a counter con?gured to count in each input junction a 
number of incoming cells bound for a same speci?ed 
output port of an output junction; 

means for transferring the counted number from said 
counter to said output port; and 

a device con?gured to declare a congestion of the speci 
?ed output port in relation to a speci?ed threshold 
value. 

25. A device according to claim 24, Wherein the device 
con?gured to declare a congestion comprises a device 
con?gured to aggregate results of the counting, and means 
for comparing the results of the counting to a speci?ed 
threshold value. 

26. A device according to claim 24, Wherein said means 
for transferring comprising means for inserting in a cell the 
counted nurnber produced by the counter and means to 
extract the counted number from the cell. 

27. A device according to claim 26, Wherein the cell is a 
speci?c ATM cell. 

28. A device according to claim 26, Wherein the cell is a 
RM cell. 

29. A device according to claim 24, Wherein the device 
con?gured to declare a congestion comprises a device 
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con?gured to aggregate results of the counting and a table 
con?gured to store the counted number, a device con?gured 
to subtract from a neW count result supplied by an input 
junction a previous count result stored in the table of the 
output junction, and an accumulator con?gured to accurnu 
late results of the subtractions obtained. 

30. A device according to claim 25, Wherein the device 
con?gured to declare a congestion comprises a table con 
?gured to store the counted number, a device con?gured to 
subtract from a neW count result supplied by an input 
junction a previous count result stored in the table of the 
output junction, and an accumulator con?gured to accurnu 
late results of the subtractions obtained. 

31. A device according to claim 26, Wherein the device 
con?gured to declare a congestion comprises a table con 
?gured to store the counted number, a device con?gured to 
subtract from a neW count result supplied by an input 
junction a previous count result stored in the table of the 
output junction, and an accumulator con?gured to accurnu 
late results of the subtractions obtained. 

32. A device according to claim 27, Wherein the device 
con?gured to declare a congestion comprises a table con 
?gured to store the counted number, a device con?gured to 
subtract from a neW count result supplied by an input 
junction a previous count result stored in the table of the 
output junction, and an accumulator con?gured to accurnu 
late results of the subtractions obtained. 

33. A device according to claim 28, Wherein the device 
con?gured to declare a congestion comprises a table con 
?gured to store the counted number, a device con?gured to 
subtract from a neW count result supplied by an input 
junction a previous count result stored in the table of the 
output junction, and an accumulator con?gured to accurnu 
late results of the subtractions obtained. 

34. A device according to claim 24, Wherein the device 
con?gured to declare a congestion is con?gured to calculate 
an exponential mean of the counted nurnber received for 
each connection passing through the output port. 

35. A device according to claim 25, Wherein the device 
con?gured to declare a congestion is con?gured to calculate 
an exponential mean of the counted nurnber received for 
each connection passing through the output port. 

36. A device according to claim 26, Wherein the device 
con?gured to declare a congestion is con?gured to calculate 
an exponential mean of the counted nurnber received for 
each connection passing through the output port. 

37. A device according to claim 27, Wherein the device 
con?gured to declare a congestion is con?gured to calculate 
an exponential mean of the counted nurnber received for 
each connection passing through the output port. 

38. A device according to claim 28, Wherein the device 
con?gured to declare a congestion is con?gured to calculate 
an exponential mean of the counted nurnber received for 
each connection passing through the output port. 

* * * * * 


